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The anatomical and preliminary phytochemical screening 
of the bark and leaf of Artocarpus heterophyllus, A. lakoocha 
Ficus benjamina, Morus alba and M. indica has revealed that the 
bark configuration in trunks is shallow fissured (Artocarpus 
heterophyllus, A. lakoocha, Morus alba) deep fissured (Morus 
indica) or smooth (Ficus benjamina) and that the bark is divisi-
ble into conducting phloem, non-conducting phloem and rhytidome. 
The successive periderms are either parallel to the 
vascular cambium (A. lakoocha, M;,. alba) or deviating outwards 
(A. heterophyllus)or Irregular (M, indica) or there is a single 
superficial periderm (F, benjamina). The rhytidome sloughs off 
either in the form of hard thick flakes, or as very minutes 
scales or thin strips. The ray expansion tissue is visible in 
slash to the unaided eye in Artocarpus heterophyllus, A, lakoocha 
and Morus indica, whereas it is not visible in Ficus benjamina 
and Morus albao 
The secondary phloem includes sieve-tube elements with 
associated one or more companion cells, phloem fibres, axial 
parenchyma, radial rays and sometimes laticifers. The conducting 
sieve-elements later become non-functional, rays usually dilate 
and expand tangentially and most of the parenchyma get impregna-
ted with varying amounts of ergastic substances in the non-conduc-
ting region of the phloem in all the species studied. 
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The present study on some Artocarpus, Ficus and Morus 
species reveals that the sieve-tube elements occur in groups of 
2-4, possess transverse to oblique sieve plates and lateral sieve 
areas of diverse magnitude. The length of sieve-tube elements 
varies from 185 jum (M. alba) to 268 jum (F, benjamin a) whereas the 
width variation is just nominal i.e. 43 jam (M, alba) to 51 jLim 
(F. benjamina). They occupy 2Cp6 (Mo indica) to 31% (A, lakoocha) 
of the transectional area of phloem in the different species. The 
length and width of phloem fibres vary from 1460 jum (£, benjamina) 
to 1856 jum (A, heterophyllus) and from ^9 j^m (Fo benjamina) to 
24 jam (A, lakoocha) respec'tivelyo The fibres occur as isolated 
elements as well as in small groups of 2-5 cells (A, heterophyllus, 
A. lakoocha and F, benjamina), whereas in Morus species they form 
small patches as well as tangentially expanded bigger fascicles. 
They occupy 3% (A, lakoocha) to 13% (M. indica) of the transec-
tional area of phloem. Their proportion is more in the non-
conducting region than in the conducting region of phloem. 
The relative proportion of axial parenchyma predomi-
nates other phloic components and does not show any significant 
interspecific variationo It ranges from 4C% (F„ benjamina) to 
47% (A. heterophyllus) and from 36% (M. indica) to 5 ^ 
(A. lakoocha), in the conducting and non-conducting phloem zones 
respectivelyo 
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Rays are homocellular consisting of procumbent cells 
and also heterocellular consisting of both procumbent and upright 
cells. Rays occupy 23% {.K lakoocha) to 3(^ (F. benjamina) 
transectional area in the conducting phloeiHo They usually dilate 
in the non-conducting region and occupy 32% (M. alba) to 42% 
(F„ benjamina) transectional area in the different species 
studied. Both homocellular and heterocellular both type of rays 
are found in Morus alba and Mo indica, whereas heterocellular 
rays are present in Artocarpus heterophyllus, A, lakoocha and 
Ficus benjaminap 
The foliar epidermis is uniseriate to multiseriate. The 
upper epidermis is single layered in A, lakoocha and F, benjamina, 
double layered in A. heterophyllus and 2-3 layered in M, alba and 
M. indica, whereas the lower epidermis is invariably single 
layered. Besides, a single layered hypodermis exists on either 
side in F. benjamina. Cystoliths are present on the upper 
epidermis in all the species except in Artocarpus spp. Leaves are 
hypostomatic and the stomata are anomocytic except in F, benjamina 
where they are cyclocytiCo The stomatal frequency varies from 
318 (M. alba) to 402 (A. lakoocha) per square mm in the different 
species. 
The leaves are dorsiventral having the mesophyll diffe-
rentiated into palisade and spongy parenchyma in all the species, 
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the former forms two layers except in F, benjamina in which it 
is 3-layered. The lowermost layer of the spongy parenchyma 
differentiates as short palisade cells in all the taxa except 
Artocarpus. The midrib portion of the leaf lamina in transec-
tional view shows an almost closed cylinder of xylem in 
A. heterophyllus whereas A. lakoocha contains two crescent shaped 
xylem plates. The xylem and phloem form a circle interrupted 
here and there by medullary tissues in Ficus benjamina» whereas 
Morus spp. have a V-shaped xylem surrounded by phloem. The vascu-
lar strand is surrounded by a bundle sheath which is either 
parenchymatous (F. benjamina) or sclerenchymatous (Ac lakoocha)^ 
Different physico-chemical constant values vary with 
species. Values are generally high for sulphated ash and water 
soluble and acid insoluble ash low for water soluble and acid 
insoluble ash, in both bark and leaf samples. Alkaloids and 
sterols are frequently noticed with all the solvents except water 
in the bark of Ficus benjamina, while the quantities of fatty 
oil, resins, saponins and tannins are meagreo Hesins and tannins 
are present only in the water extract while fatty oils and 
saponins in that of petroleum ether. 
Saponins and tannins are present only in the petroleum 
ether and water extracts respectively in the bark of all the 
investigated species. Terpenoids are abundant in the bark of 
Morus spp„ Morus alba contains high amount of alkaloids and 
• 5 • 
tannins, while glycosides and saponins rarely appear with water 
and petroleum ether respectively. In Moras indica glycosides, 
sterols and terpenoids are frequently present in the bark, while 
alkaloids are quite meagre. 
The present study shows that in the leaves of all the 
species studied, saponins and fatty oils appear in the petroleum 
ether and the water extract respectively except in Morus indica. 
Likewise, tannins for all the taxa except Morus alba are detect-
able in ethanol or water extract only, Artocarpus spp. and Ficus 
benjamina leaves are rich in alkaloids. However, tannins and 
saponins are present generally in the water extract and rarely in 
the organic solvents. 
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In the name of Allah, the most Gracious thi^  Dispenser of grace 
And do We not send down from the clouds 
Water in -abundance, 
That We may produce. 
Therewith com and vegetables, 
And gardens of luxurious growth ? 
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To learn about plants and animals, particularly as food 
sources, is one of the oldest human habits. In the prehistoric 
time, man had to distinguish poisonous plants from the edible ones. 
Gradually there developed a knowledge of naturally occurring drugs, 
which was transmitted from generation to generation first verbally 
and later, with the down of civilization, in written forms. The 
word 'pharmacognosy', derived from the Greek, "pharmakon"- a drug, 
and "gignosco"- to acquire a knowledge of, was first introduced by 
Seydler (1815), Clause and Tayler (1967) defined pharmacognosy as 
the simultaneous application of various scientific disciplines in 
order to acquire knowledge of drugs from every point of view. 
Pharmacognosy is closely related to both botany and 
phytochemistry„ By the beginning of the present century, pharma-
cognosy had developed mainly on the botanical side, concerning 
particularly the description of plants. However, in a broad sense, 
it now encompasses knowledge of the history, distribution, cultiva-
tion, collection, selection, preparation, commerce, identification, 
evaluation, preservation and use of drugs and economic substances 
affecting the health of man and animalSo Identification or detec-
tion of drugs and their adulteration, that prevailed over the 
conventional pharmacognosy, is no longer the only and ultimate goal 
of pharmacognosy. 
The crude drugs which have been used in the past and are 
still in use in the country, are numerous and cannot be distingui-
shed easily by their morphological characters. -Out of many, a few 
crude drugs are mentioned in the old literature, mostly with 
imperfect descriptions of the source plant or the plant part. 
Thus, the literature on characters that may lead to a suitable 
identification of medicinal plants, is deficient. Moreover, there 
is a great confusion pertaining to vernacular names of these drugs. 
It is very common that one and the same drug is sold under diffe-
rent names and different drugs are sometimes sold under the same 
name in different regions of the countryo Therefore, a proper 
identification of the drug samples becomes necessary in order to 
encourage and streamline the use of these drugs in the indigenous 
system of medicine. 
Despite the extensive use of synthetic drugs, more than 
2^% of the drugs included in various pharmacopoeas are either 
derived directly from plants or are based on the components 
extractable from plants (Khalifatullah, 1982). The herbal drugs 
also have an important role in the pharmaceutical industry, 
A perusal of literature on the Indian Moraceae reveals 
that the family remains almost untouched from pharmaco-anatomical 
point of view. The available descriptions are confined to the 
economic importance of the plants (Dastur, 1977). As such, no 
reliable parameters are known to identify the bark and leaf samples 
sold in the market in crude form due to paucity of relevant litera-
ture. The information available on the bark structure of Moraceae 
(Roth & Martiza,l969) is not concerned with the species known for 
medicinal importance. 
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Given the above, the bark and leaf of the following 
species of Moraceae which have a wide application in indigenous 
system of medicine were selected for the present study. 
1. Artocarpus heterophyllus Lam, 
2. A, lakoocha Roxb. 
3. Ficus benjamina Linno 
4. Morus alba Linn« 
5. M. indica Linn. 
The present investigation is aimed mainly at finding 
out reliable characters to identify and evaluate certain bark and 
leaf drugs belonging to Moraceae. An easy schedule based on 
morphology and anatomy has been given for their identification. 
This should prove helpful to check adulteration in crude drugs. 
Besides, a preliminary phytochemical analysis of the materials has 
been made in order to detect the presence of different chemical 
substances in the drug samples. 
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Materials Studied 
The bark and leaf of the following trees cf the family 
Moraceae have been studied. These materials are used as drugs 
for treating various ailments in the Indian traditional system 
of medicineo 
1. Artocarpus heterophyllus Lam. (jack fruit) 
2. A. lakoocha Roxb. (monkey fruit) 
3. Ficus benjamina L. (jawa fig) 
4. Morus alba L, (white mulberry) 
5. M. indica L. (small leaved mulberry) 
1, Artocarpus heterophyllus Lam. 
(Syn. A, integrifolia L., Eng. Jack fruit, Vern. Kathal) 
A large evergreen tree with a dense crown reaching 
a height of 16-18 m or more. The straight cylincrical stem is 
covered with rough bark. Glabrous leaves thickly coriaceous, 
shining above, elliptic or obovate 4-8 lobes, mid-rib prominent 
beneath (Fig, 1); stipules large early caducous; male flower 
heads 2-10 cm long, roughly of the shape of human thumb, indivi-
dual flowers with a tubular perianth; female flowers hanging on 
short stalks from trunks and branches; fruit tubercled, upto 
40x90 cm in size, hanging on short stalks from the trunk- and 
larger; seeds reniform, oily, 2.5x1.5 cm (Brandis, 1972). 
The plant is indigenous to India, probably to the 
western ghats where it grows wild. It is grown throughout the 
warmer parts of the country, especially in Bengal, Bihar and 
the Deccan. Also grown in Ceylon, Burma, Malaya and Brazil it 
has introduced into many other tropical countries. Flowering 
occurs in December-February and fruiting in May-July (Santapau, 
1966). 
The young leaves are applied as fomentation to boils 
and wounds to dry them. Leaves are used in skin diseases and 
as antidote to snake bite. The juice of the plant, pure or 
mixed with vinegar is applied externally to glandular swellings 
and abscesses to promote suppuration. It is. also used in snake 
bite. Roots are used in diarrhoea. Fruits are delicious but, 
if eaten in large quantity, cause diarrhoea. The unripe fruit 
is astringent, the ripe one is laxative but hard to digest. Seeds 
are sweet, diuretic, aphrodisiac and constipating (Kirtikar and 
Basu, 1975), The ripe fruit is considered antidote to all kinds 
of animal poison (Dey, 1973), 
2. Artocarpus lakoocha Roxb. 
(Eng, Monkey fruit; Vern. Barhal) 
A large deciduous tree; 16-20 m high with a wide 
spreading head; bark thick, rough, dark grey in colour; leaves 
sub-coriaceous, entire, elliptic or ovate, shining above, some-
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times serrate, b-10 lobes; petiole 1,5-2.5 cm long (Fig. 2); 
stipules lanceolate and caducous; flowers in axillary globose 
shortly stalked head; male flower nearly sessile, perianth of 
2-4; female pedunculate; fruit velvety, yellow when ripe, 
5-10 cm diameter, irregularly lobed; seeds oblong (Dymock et, al. 
1976). 
Common to sub-Himalayan tract and outer hills from 
Kumaon eastwards, ascending to 1250 m Khasi hills and to the 
evergreen forests of the western ghats from the Konkan south-
wards (Brandis, 1972). It is often planted in gardens and by 
road sides. The leaves fall during the cold season and are 
renewed with the flowers at the beginning of hot season 
(March-April). Fruiting occurs in May-June (Brandis, 1972), 
The infusion of bark is applied to pimples and cracked 
skin. The finely powdered bark is applied to sores to draw out 
the purulent matter. The unripe fruit causes constipation, 
impotency, loss of appetite, blood complaints and eye troubles. 
The ripe fruit is aphrodisiac and improves taste and appetite. 
It is useful in biliousness, fever, cough and liver troubles. 
Seeds are a good purgative for children. In Bengal and Chota 
Nagpur one or two seeds or a small quantity of the milky juice 
is popular as a purge (Benthall , 1946, Biswas & Ghosh, 1973, 
Kirtikar and Basu, 1975). 
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3. Ficus benjamina L. 
(Eng. Jawa fig; Ver. Kamroop) 
A medium sized to large evergreen tree with dense 
crown and pendulous branches, nearly 15-16 m in height; all 
parts glabrous; stipules small, lanceolateo It is suitable for 
planting in grardens if sufficient space be allowed for the 
development of aerial roots from the lower brancheso Leaves 
ovate to elliptically ovate, petiolate, obtuse at the base, long 
and bluntish, 5-9 cm long (Fig. 3), rigidly chartaceous 
CKirtikar and Basu, 1975). 
Commonly cultivated in the foot of Himalayas, Assam, 
Chittagong, Siwalik range at about 900 m and in the forest of 
Northern Oudh (Duthie, 1973). Along the base of Himalaya from 
Kumaon eastward also in Bengal, Assam Khasia hillo, extending 
to Burma and China„ Flowering in July-August and fruting in 
September-October (Kirtikar and Basu, 1975)o 
Bark of the aerial roots, the root itself and the 
leaves boiled in oil form good application for wounds and 
bruises. Leaves are applied to ulcers. Juice of the bark has 
a reputation in liver diseases iDymock e^ al_., 1976) „ 
In rheumatic headache the leaves and bark arc pounded 
and applied as a poultice, A decoction is prepared from the leaf 
juice is very useful in flatulent colic. The juice of leaves of 
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F, benjamina, Ocimum sanctum (Tulsi plant) and Ghee taken in 
equal amounts are boiled until all the water evaporateSo The 
process is repeated twenty one times, each time adding fresh 
quantity of juice of the above two plants. The residium is ready 
for use. It is applied to the belly and fomentation with hot 
brick is practised. The milky juice is used against whitening of 
cornea by the Mandas of Chota Nagpur, Some juice is mixed with 
the mother's milk and about two drops of this mixture are 
instilled into the whitening eyes of the baby (Nadkarni, 1954). 
4. Morus alba L. 
(Eng. White mulberry; Vern. Shahtoot) 
A middle sized deciduous tree upto 8 m high; leaves 
ovate, dentate, 2-3 lobes, base cordate, petiole 1-3 cm long, 
basal nerve 3-5 (Fig. 4); flower monoecious, the sexes often on 
distinct branches; male flowers with elliptic sepals; female 
spikes ovoid, pedunculate, style free; fruit white or red, sweet 
(Brandis, 1972)„ 
Commonly cultivated in Baluchistan, Afghanistan and 
the Northern part of the Trans-Indus territory,, Also in the 
Punjab plains, Kashmir and the North West Himalayas. Flowering 
in March and Aprilo Fruiting from May-June (Brandis, 1972). The 
long thin greenish fruit is acidulous and pleasant to eat. 
Baluchi warriors used to cairy them in their pouches and swallow 
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a mouthful, when entering into action. The fruit is dried and 
sold in bazars. 
It is slightly laxative. A drink.made of its juice is 
cooling and refreshing and a cure for dry throat and thirst. 
Leaves are also eaten by catties. A paste made of the leaves of 
this plant and the leaves of Margosa (Azadirachta indica) and 
white onion (Allium cepa) in the ratio of 2:2:1 is recommended 
for external use in bed sores. It is also made into a preserve 
or syrup which is a useful refrigerant in fevers and expectorant 
in coughs; also used as a gargle to relieve sore throat 
(Nadkarni, 1954). The bark is considered purgative and anthel-
mintic. In China, the root bark is considered a restorative tonic 
and astringent, and a remedy of nervous disorders (Kirtikar and 
Basu, l975)o 
5. Morus indica L. 
(Eng. jraall leaved mulberry; Vern. Shahtoot) 
A deciduous small tree, 4-5 m high, grown as a host for 
silkworms; bark of large stem is brown, rough and fissured;leaves 
ovate, caudate-acuminate, coarsely and unevenly serrate, 2-5 
lobes; petiole 1-4 cm (Fig„ 5); male spikes rather lax, on short 
slender peduncles; female spikes short, ovoid; flowers dark 
purple; styles connate, high up, very hairy (Brandis, 1972). 
Fig,1, Herbarium specimen of Artocarpus heterophyllus Linn, 
Fig,2, Herbarium specimen of Artocarpus lakoocha Roxb, 
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Fig,3, Herbarium specimen of Ficus benjamina Linn, 
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It grows wild in the sub-Himalayan tract in the dry 
forest from Sutlej eastwards, ascending to 5000 m. Extensively 
cultivated to feed the silkworm in Bengal, Andhra Pradesh and 
Karnataka, Flowering occurs in February and fruiting in May 
(Brandis, 1972)„ 
The fruit is acrid sweetish or sour, cooling, laxative, 
useful in coryza and cough, beleousness, burning sensations. The 
fruit syrup is used'as gargle in the inflammatory affections of 
throat (Kirtikar and Basu, 1975). The fruit is aphrodisiac, 
flattening, diuretic and anthelmintic, enriches the blood and 
betters the appetite. It is good for brain, heart, spleen, useful 
in small pox, throat troubles, lumbago, diarrhoea and ulcerated 
intestines. 
The bark is supposed to be vermifuge and purgative. The 
root is considered anthelmintic, astringent and purgative. The 
leaves are good for sore throat and scabies. The decoction of bark 
is used as a gargle in throat inflammation (Chopra e_t aj^ o, 1956). 
Macromorphology 
Bark, along with some sapwood, was slashed out in 
blocks (10x5 cm) from the trunks of the selected trees and fixed 
in FAA. To examine the macromorphology ol the bark, lateral 
surfaces of the bark block were cut clean, moistenod v/ith water, 
and examined at lOXo The water on the surface contrasted the 
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different tissues wello The transverse surface on staining with 
KI revealed the relevant features the best. 
The features|^thus studied include the nature of the 
bark surface, periderm/rhytidome and expansion tissue (the proli-
ferate parenchyma near periderm)o Leaves were collected and fixed 
to study their morphology including leaf shape, type of margin 
and apex and venation pattern etc* 
Micromorphology 
2 
Bark samples in the form of blocks of 2 cm surface, 
obtained from the main trunks with the help of chisel and hammer, 
approximately at breast height from the ground, fixed on the spot 
in FAA (formalin-aceto-alcohol), Were later aspirated in the 
laboratory in order to faciliate easy penetration of the fixative 
into the deep lying tissues (Johahsen, 1940)o After a week the 
samples were transferred to 70?6 ethanol for preservation. Leaves 
of different age groups were collected from the tree, fixed and 
preserved by the same method for further processing. 
The blocks of the bark were cut into smaller ones, 
• 
suitably trimmed and sectioned on a Reichert'g sliding microtome 
in transverse and tangential longitudinal planes at a thickness 
of 10-12 jjm. Smaller pieces of leaf lamina, with the mid-rib in 
its middle, were cut, kept in a potato pith and sectioned in 
transverse plane for 10-12 pm thick sections. These sections were 
stained with appropriate stains and mounted in Canada balsam after 
dehydration in ethanol series and clearing tin xylol (Sass, 1958). 
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The following stain combinations were used: 
1. Heidenhain's haematoxylin-safranin/Bismark brown (Johansen, 
1940). 
2, Tannic acid-ferric chloride-lacmoid (Cheadle e_t al., 1953). 
Maceration 
For the maceration of phloem cells especially for sieve-
tube members and phloem fibres, bark samples were cut into 1 mm 
thick tangential slices which were treated with % NaOH solution 
at 45-50°C, The treatment was continued until the cells of the 
slices became loose enough to separate on a glass slide either by 
teasing with fine needles or by tapping gently over the cover slip 
after mounting in ^ glycerine (Ghouse et al., 1974). The slices 
were then washed and stained. Safranin was used for staining 
phloem fibres and Heidenhain's haematoxylin for sieve-tube members, 
To study the epidermal features, the leaf epidermis was 
separated from the mesophyll tissue using nitric acid. Small 
pieces of leaf lamina were obtained from the side of the mid-rib 
at the middle of the leaf. In some of the pieces, lower epidermis 
and in others, upper epidermis was destroyed with the help of a 
sharp blade to ensure that only one known epidemal layer was left 
intact with each pieceo These were kept in 10% nitric acid at 
30-35°C. After nearly a week the epidermal peels got separated 
from the mesophyll tissue. The acid effect was removed from the 
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peelings by treating them with mild solution of alkali (e.g. NaOH) 
and then by washing them thoroughly with water„ 
The peeling stained with Heidenhain's haematoxylin or 
Bismarck brown, dehydrated in ethanol series and cleared in xylol, 
were mounted in Canada balsam (Sass, 1958). 
Measurements 
From the bark sample, 200 elements of sieve-tube 
elements and fibres each were measured arbitrarily from sections 
and macerated material respectively with the help of an ocular 
micrometer scale and compound microscope. On the other hand, 
length and width of stomata were measured from the epidermal peels 
of leaf samples. The average and range of cell dimensions(length 
and width of stomata in case of epidermal peels) were determined 
after pooling the readings obtained from a given sample. 
Stomatal Frequency 
The average number of stomata per unit area of epidermis 
is known as stomatal frequency. The average value as well as range 
from each surface of the leaf was recorded in 50 randon replicates 
(Trease 8. Evans, 1972). 
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Stomatal Index 
The per cent proportion of the ultimate divisions of 
the leaf epidermis which have been converted into stomata is 
termed the stomatal index (Trease & Evans, 1972). This can be 
expressed by the following mathematical formula introduced by 
Salisbury (l927)o 
where SI = Stomatal index 
S = Number of stomata per unit area 
E = Number of epidermal cells in the same unit area. 
Counts were made of the number of epidermal cells and 
stomata (the two guard cells and the ostiole being considered as 
one unit) within the square grid; a cell being counted if at least 
half of its area lay within the grid. Successive adjacent fields 
were examined in about 50 fields and the stomatal index was 
calculated from these figures. 
Vein-islet Number 
The term vein-islet denotes the minute area of photo-
synthetic tissue encircled by ultimate branches of the conducting 
strando The number of vein-islets per sq mm calculated in the 
central part of the lamina, midway between the mid-rib and the 
margin, is termed the vein-islet number (Trease & Evans, 1972). 
: 15 : 
A camera lucida apparatus was set and a paper was 
divided into squares of 1 sq mm by means of a stage micrometer. 
The stage micrometer slide was then replaced by the cleared 
preparation of leaf and the veins were traced in the squares. The 
vein-islets were then counted; those cut at the top and the left 
hand side of the square were excluded from the count, whereas 
those cut at the other two sides were included. Vein-islet number 
was calculated per sq mm on the basis of the readings obtained 
from 10 whole-mounts of leaf. 
Veinlet Termination Number 
It is defined as the number of ends of veinlets per 
sq mm of leaf surface (Hall & Melville, 1951). A veinlet end is 
the ultimate free termination of a veinlet or branch of a veinlet. 
Quantitative Estimation of Tissues 
The relative proportion of different tissues in the 
bark was determined on the basis of the area occupied by the 
respective components. This was calculated by the method descri-
bed by Ghouse and Iqbal (1975). The procedure involves camera 
lucida drawing of different components of the secondary phloem in 
transection on tracing paper of uniform thickness in about 20 
random replicates, removal of portions of the paper bearing 
drawings of any one type of components and then separate weighing 
of the two isolated lots of paper cuttings on a sensitive micro-
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balance. The ratio of different types of elements was calculated 
per unit area and expressed in percentage (Ghouse & Iqbal, 1975, 
1978). 
Ptiytochemistry 
The bark and leaf samples were air dried, cleaned, 
ground and sieved through standard sieves. The sieved powder was 
used for the determination of physico-chemical constant values and 
for preliminary phytochemical and fluorescent tests with different 
solvents. 
As to the methods applied, Annon (1966) and Jenson 
(1962) were followed to determine the physico-chemical constant 
values and extractive values while Jacksonand Snowdon (1968) were 
followed to detect the colour responses of the powdered drugs. 
Fluorescence study was carried out following Chase and Pratt 
(1949) and Trease and Evans (1972). 
(i) Physico-chemical Constant Values (Quantitative) 
Total Ash 
A sample of 2 gm powder, oven dried at 70°C, was 
incinerated in a silica dish at a temperature not exceeding 450°C 
in a muffle furnace. It was cooled and weighed and its percentage 
was calculated in relation to the oven dried powder (/anonymous, 
1968). 
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Acid Insoluble Ash 
The ash was boiled for 5 mt in 25 ml of hydrochloric 
acid. The insoluble matter was collected on ashless filter paper, 
washed with hot water and ignited at 450 C in muffle furnace. The 
percentage of acid insoluble ash was calculated in relation to the 
oven dried powdered drug (Anonymous, 1968). 
Water Soluble Ash 
The ash was boiled for 5 mt in 25 ml of distilled water. 
The insoluble matter was collected on ashless filter paper, washed 
with hot water and ignited at 450°C. The weight of insoluble 
matter was substracted from the weight of total ash. The difference 
represents the weight of water soluble ash. It was expressed in 
percentage in relation to the oven dried powdered drug (Anonymous, 
1968). 
Sulphated Ash 
2 g of oven dried powder was taken in a silica dish, 
moistened with sulphuric acid, ignited at 450°C in muffle furnace, 
remoistened with sulphuric acid, reignited at 450°C, cooled and 
weighed. The percentage of sulphated ash was calculated with 
respect to the oven dried powder (Anonymous, 1968). 
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Lignin Extraction 
5 g fresh bark was cut into smaller chips, dried and 
weighed. These chips were placed in a flask containing 160 ml 
of water, 10 drops of acetic acid and 1,5 g of sodium chloride. 
The flask was closed with a loose fitting glass bubble. The same 
amount of acetic acid and sodium chloride was added at bourly 
intervals. This made for the extraction of lignin from tissues. 
The complete extraction took 4 hours, after which the chips v;ere 
placed in a glass funnel for washing with ice water. These were 
further washed with acetone, air dried and weighodo fho difference 
in weights before and after the extraction represents the lignin 
content of the tissue (Jermyn & Isherwood, 1956), 
(ii) Extractive values 
Successive extractions of the known quantities of 
powdered bark and leaf samples were made in a Soxhlet apparatus 
with different solvents viz. petroleum ether, solvent ether, 
chloroform, benzene, ethanol and water. After filtering the 
extracts, the solvents were evaporated and accurate y/eights of the 
extracts were obtainedo Extractive value of a particular drug was 
calculated in relation to the air dried drug taken for extraction. 
The extracts were used for the followino tests to 
determine the presence of different orga/iic uaterials in the 
bark and leaf samples. 
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Test for Alkaloids 
1. A drop of Meyer's reagent (Appendix I) was added to the test 
solutionc Appearance of white precipitate indicated the 
presence of alkaloidso 
2. Ethanolic extract acidified with hydrochloric acid is added 
with iodine solution. Appearance of brown precipitate indi-
cates the presence of alkaloids (Stephenson & Parker, 1921). 
Test for Flavonoids 
1, Concentrated hydrochloric acid was added to an ethanolic 
extract of the drug* Appearance of red colour indicated 
the presence of flavonoids (Fransworth, 1966)<, 
2. To an ethanolic extract small piece of magnesium ribbon was 
added followed by the dropwise addition of cone, hydrochloric 
acid. Appearance of an orange to red colour confirmed the 
presence of flavonoids (Fransworth, 1966)o 
Test for Glycosides 
1. Hydrolysis of the solution was done with concentrated 
sulphuric acid. On addition of Fehling's solution I and II 
(Appendix I), brick red precipitate appeared indicating the 
presence of glycosides. 
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2. Molisch's test: In the aqueous solution,o^-naphthol was mixed 
and concentrated sulphuric acid was gently poured. A purple 
colour ring indicated the presence of glycosides. 
Test for Proteins 
1, Biurette's reaction; To the hot test solution, 1 ml of cone 
sodium hydroxide solution was added followed by one drop of 
copper sulphate solution (Appendix I). A violet or red 
colour indicated the presence of proteins, 
2, Million's reaction: To the test solution. Million's reagent 
(Appendix I) was added. A white precipitate showed the 
presence of protein, 
3, Xanthoproteinic reaction: A yellow precipitate appeared on 
addition of cone nitric acid to the test solution. When 
dissolved in strong solution of ammonia, it gave yellow 
coloured solution, confirming the presence of proteins. 
Test for Resins 
While heating gently, acetic anhydride was added to the 
test solution. After cooling, one drop of sulphuric acid was 
added. A purplish red colour rapidly changing to violet showed 
the presence of resins. 
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Test for Saponins 
The powdered drug (0o5 g) was boiled with water in a 
test tube for 5 minutes. The mixture was cooled, vigorously 
shaken, and then left for 3 minutes. The appearance of honey 
comb frothing was indicative of saponins. If the thickness of 
froth was less than 1 cm, it was taken to be weakly positive, if 
more than 1 cm, strongly positive (Arthur & Chan, 1962). 
Test for Sterols/Terpenes 
1, Hosse's reaction: To the test solution taken in chloroform, 
2 ml of cone sulphuric acid was poured from the side of the 
test tube. A red coloured ring at the junction of the two 
layers indicated the presence of sterols/terpenes. 
2, Leibermann's Burchard reaction: To 1 ml of extract, 2 ml of 
acetic anhydride solution was added, followed by 2 ml of 
sulphuric acido A change in colour from red to blue verified 
the presence of sterols/terpene. 
3. Most carotenoids or terpenoids gave a blue, colour with 
antimony trichloride in chloroform (Carr-price test) or dark 
blue colour with cone HCl containing little phenol (Finar, 
1975). 
4. When thionylchloride and acetic anhydride are added to the 
extract/oil, violet colour appears showing the presence of 
terpenoids. The solution was heated very gently if the 
violet colour did not appear (Finar, 1975). 
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Test for Tannins 
Ferric chloride solution was added to the aqueous 
extract of the drug. A bluish black colour, which disappeared 
on the addition of dilute sulphuric acid, followed by the forma-
tion of a yellow brown precipitate, indicated the presence of 
tannins. 
Test for Fatty Oils 
In a beaker about OoS g of sudan III was dissolved in 
50 ml of 95?^  alcohol. 10 ml of olive oil (or anyother oil) was 
added and stirred well. After a short time the oil collects at 
the bottom and becomes deep orange-red (Gangulee et al., 1972). 
Fluorescence Analysis 
Fluorescence analysis of the drugs was conducted by the 
method of Chase and Pratt (1949). The drug powders were observed 
as such under ultra-violet lighto Subsequently, samples of the 
powders were treated with ]% sodium hydroxide in methanol and 
with saturated solution of nitrocellulose in amyl-acetate respect-
ively and observed under ultra-violet light. Finally the powders 
were mounted in nitrocellulose after being treated with sodium 
hydroxide followed by drying. The resultant colour was observed 
under ultra-violet lighte 
APPENDIX - I 
1. Meyer's Reagent (Potassium mercuric iodide solution) 
1.36 g of mercuric chloride (HgCl^) was dissolved in 60 ml of 
water and added to a solution of potassium iodide (5 g KI in 
20 ml of water) and sufficient quantity of water was added to 
make the volume of the solution 1 litre. 
2. Fehling's Reagent 
This consists of the following two solutionso 
a) Copper solution: 34t6 g crystals of copper sulphate was 
dissolved in sufficient amount of distilled water so as to 
make the mixture 500 ml and collected in stoppered bottle. 
b) Alkaline tartrate solution: 173 g crystallized potassium 
sodium tartrate and 50 g of sodium hydroxide were dissolved 
in sufficient distilled water to prepare a 500 ml solution. 
Equal amount of a and b are mixed to detect the glyco-
sides, which precipitate in the form of cuporous oxide. 
3. Million's Reagent (Mercury nitrate) 
3 ml of mercury was d i s so lved in 27 ml of cold fuming n i t r i c 
a c id . The so lu t ion was d i l u t e d with equal volunio of wate r . 
„ , ^ ^ , 
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B A R K 
(a) Macromorphology 
The bark of the species studied can be categorized on 
the basis of their external appearance as (i) entire and (ii) 
fissured. Ficus benjamina falls under the former category. The 
fissured bark may be shallow fissured (A. heterophyllus, M. alba) 
or deep fissured (M. indica). The fissures were considered as 
deep if the depth of the fissures covered nearly half of the 
total bark thickness, and shallow if otherwise (cf. Iqbal and 
Ghouse, 1982). In A. lakoocha, the bark is longitudinally 
cracked. In the fissured or cracked species deep lenticels are 
present. The barks also differ considerably in slash features 
visible with the naked eye or with a hand lens (Fig. 6 ). Fissures 
were either irregular (A. heterophyllus) or V-shaped (M. alba, 
M. indica). The fissures were deep in M. indica only, while they 
were superficial in others.. Expansion tissue produced by the 
proliferation of phloem rays was visible at 10X in Artocarpus sppo 
and M. indica. The ray cells repeatedly divided near periderm 
forming fusiform or wedge-shaped expanded rays. In A. hetero-
phyllus the tissue forms bioad wedges while in A. lakoocha and 
M. indica it forms narrow filiform bodies clearly visible with 
unaided eye (Fig.i ). The successive layers of periderm were 
either parallel to the cambium (A. lakoocha, M. alba) or deviat-
ing outwards after running parallel to the cambium fox some 
miip^^^^ 
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FIG. 6 SLASHED BARKS SHOWING 
PATTERNS OFFISSURING, 
RHYTIOOMES AND EXPANSION TISSUE 
distance (A, heterophyllus) or irregular in orientation 
(M. indica). The periderm layer is single superficial in 
F. benjamina (Table 1). In M, indica, the outer crust of compact 
rhytidome sloughs off as hard and thick flakes of varied dimen-
sions whereas in others, except in F. benjamina where the 
rhytidome sloughs off in the form of very minute scale or even 
small particles, peels off in the form of thin strips. 
(b) Micromorphology 
In the secondary plant body, the bark is primarily 
divisible into (i) the outer dead crust made up of rhytidomes 
and (ii) the inner bark consisting of secondary phloem. The 
latter is further divisible into conducting and non-conducting 
phloem zones. The thickness of the bark and the relative 
proportion of various zones (Fig.y ) vary in different species 
depending mainly on the annual quantum of secondary phloem 
produced, and on the patterns of rhytidome formation and slough-
ing. The depth of the conducting phloem varies in the different 
species studied from 0o97-1.l0 mm. The conducting phloem 
occupies 6% (the minimum) and 2C^ (the maximum) of the total bark 
thickness in A. lakoocha and F. benjamina respectively. On the 
whole, over three fourths of the total bark is occupied by the 
non-conducting phloem in the species studied (Fig. 7 )<, Rhytidome 
portion forms 20-39% of the bark in various species (Fig. 7 ). 
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RELATIVE THICKNESS OF VARIOUS ZONES 
OF BARK 
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The secondary phloem includes sieve-tube elements, 
companion cells, phloem fibres, axial pareochyma, radial rays 
and some laticifers (Plate IID), The conducting sieve-tube 
elements later become non-functional due to their obliteration or 
crushing (Plate IIIF) or to the inactive state of the companion 
cells, thereby adding to the non-conducting region of the phloem. 
The rays usually dilate in this region (Plate VB) and expand 
tangentially near periderm„ Most axial and ray parerrhvma 
exhibit varying amounts of ergastic substances (plate IIIF) such 
as starch and calcium oxalate crystals of various size and shape 
in all the species under studyo 
In the region of conducting phloem that occurs adjacent 
to the cambium sieve-tube elements, associated with one or more 
companion cells, are found in groups of 2-4 in all the species. 
They possess transverse to oblique and walls (plate IE,IIIE,IVE) 
with numerous sieve areas of diverse magnitude on their lateral 
walls (Plate IE). Lateral sieve areas are indistinct in 
F, benjamina whereas they are much pronounced in the rest of the 
species. The length of sieve-tube elements varies from 185 jjm 
(M, alba) to 268 pm (F. benjamina) whereas the width variation is 
just nominal (43-51 jum) in the different species. Their end walls 
measure 51-62 ;um in different species (Table 2)„ On the other 
hand, the length of phloem fibres varies from a minimum of 1460 jjm 
(F. benjamina) to the maximum of 1856 jjm (A. heterophyllus), the 
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fibre len^h in other species falling within these two extremes. 
Their width varies from 19-24 urn in the different species 
(Table 2). 
Estimation of the relative amounts of different compo-
nents of the conducting phloem reveals that the sieve-tube 
elements occupy 2^% of the transectional area of conducting 
phloem (the minimum) in Mo indiea and about 31% (the maximum) in 
A. lakoocha. In the remaining species the relative transectional 
area of sieve-tube elements is 24% (A, heterophyllus), 26% 
(F. benjamina) and 27% (M, alba) (Fig, 8), Fibres occur as 
isolated elements and in small groups of generally 2-5 cells and 
occupy a nominal transectional area i.e. 3-4 per cent only 
(A, heterophyllus» A. lakoocha, F. benjamina). The fibres form 
small patches as well as tangentially expanded bigger*fasicles 
(6-13%) in M. alba and M, indica (Fig.9 ). The relative propor-
tion of axial parenchyma predominates other components in all the 
species ranging from 40% (F. benjamina) to 47% (A. heterophyllus)„ 
Rays are homocellular consisting of procumbent cells only and 
occupy 23-3C% transectional area in the different species 
investigated, the minimum occurring in Ao lakoocha and the 
maximum in F, benjamina (Fig^ 8), 
The sieve-tube elements are usually crushed or oblite-
rated in the non-conducting phloem. Considering the remnants of 
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FIG. 10Transection of bark showing the distribution 
of fibres in the secondary phloem 
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the crushed sieve elements as negligible, the non-conducting 
phloem consists of fibres, axial parenchyma and radial rays only 
in addition to laticifers etc., if present. The fibre proportion 
shoots up in this region. The transectional area occupied by 
fibres in the species studied varies from 8?6 (£. benjamina) to 
30% (M. indica) in the non-conducting zone. The parenchyma 
proportion does not show marked interspecific variation in this 
region and ranges from 36-5Cp^  in the different species. Rays 
usually dilate in this region due to loss of sieve-tube elements 
and readjustments of the remaining tissues and result into a 
markedly increased ray proportion. The ray cells are generally 
impregnated by varying amounts of ergastic substances. The 
estimated transectional area of rays varies from 32% (M. alba) to 
42% (Fo benjamina), whereas the amounts in the remaining species 
fall in between these two extremes (Fig.10). 
Phytochemistry 
Colour responses of powdered bark to different chemical 
reagents were observed and the results are presented in Table 3, 
physico-chemical constant values (Quantitative) 
The percentage of total ash, water soluble, acid insolu-
ble and sulphated ash and also the percentage of lignin in diffe-
rent bark samples of the species studied were determined. The 
results are summarized in Table 4. 
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Extractive values 
The extractive values of the different bark samples 
were determined by successive extraction with petroleum ether, 
solvent ether, chloroform, benzene, ethanol and water using a 
Soxhlet's apparatus and the per cent values for all the five 
species were calculated (Table 5), To determine the presence of 
different organic materials, the extracts were used for the test 
of alkaloids, fatty oils, flavanoids, glycosides, proteins, 
resins, saponins, sterols, tannins and terpenoids and the results 
are given in Table 6. Qualitative phytochemical screening of 
these barks has shown diversity in their chemical composition. 
For all the species fatty,oils and saponins appear only in the 
petroleum ether extract and are missing in other solvents. Like-
wise tannins, for all the taxa except Morus spp., are detectable 
in water extracts only. For Morus species, however, tannins 
appear also in certain other solvents like chloroform and ethanol 
(Table 6). The bark of Artocarpus spp. exhibit a high alkaloids 
and glycosides content possibly with all solvents, while saponins 
and tannins are present only in the petroleum ether and water 
respectively. 
The Ficus benjamina bark shows enormous amounts of 
alkaloids and sterols in the extracts of all solvents but water, 
while the quantity of fatty oils, resins, saponins and tannins 
is very little. The resins and tannins are present only in the 
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water extract, while fatty oils and saponins in that of petroleum 
ether (Table 6), 
The bark of Morus alba and M, indica are rich in 
terpenoids. M. alba contains high amount of alkaloids and 
tannins while glycosides and saponins rarely appear \^i!ith water 
and petroleum ether respectivelyo 
Morus indica shows some changes in the bark chemistry. 
Alkaloids are meagre whereas glycosides, sterols and terpenoids 
are amply present in this bark (Table 6). 
Fluorescence analysis 
Fluorescence analysis of the different powdered bark 
drugs was conducted following the method of Chase and Pratt 
(1949). The intact barks as well as their powders were observed 
in the normal day light and ultra-violet (UV) light. Further, 
the bark powders were treated to different organic solvents and 
.the solutions were again observed in day light and ultra-violet 
light. The observations are pooled in Table 7. 
L E A F 
(a) Macromorphology 
In the family Moraceae, leaves are usually simple, 
alternate, rarely opposite, stipulate, often with 3-5 prominent 
palmate veins and entire, serrate or lobed margins. They are 
often seriously infected by insect galls (Mathur, 1968). 
Leaves are 10-20 cm long thickly coriaceous and 
glabrous in Artocarpus heterophyllus. Subcoriaceous, 10-30 cm 
long, oblong elliptic or subovate, with entire or sometimes 
serrate margin, dark green, glabrous and shining above and softly 
tomentose beneath in A, lakoocha (Duthie, 1973). 
In Ficus benjamina the leaves are coriaceous, 5-10 cm 
long, ovate or rhomboid, elliptic, alternate, rarely opposite, 
entire, polished and shining, base narrowed into the petiole, 
main lateral nerves 5-6 pair above the basal ones, reticulately 
veined between, petiole 1-2 cm long, stipules enveloping the bud 
and caducous (Duthie, 1973), In Morus alba the leaves are vari-
able, 12-18 cm long, ovate, serrate, dentate, frequently lobed, 
base often cordate, blade 2-3; petiole 1-3 cm long with 3-5 pairs 
of basal nerves. In M. indica, leaves are 10-18 cm long, ovate, 
caudate-accuminate, coarsely and unevenly serrate, petiole 
1-3 cm long, with 3-5 pairs of basal nerves (Duthie, 1973). 
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The distribution of vascular strands i.e. the venation 
pattern, imparts a characteristic appearance to leaves. The 
venation is reticulate in the leaves under study. A small photo-
synthetic area encircled by the ultimate branches of the conduct-
ing strand is termed "vein islet" or "aeroles". In A. heterophyllus 
the aeroles are relatively small (about 29/mm ) whereas in 
2 
M, alba, quite large (12/mm )<, The veins usually terminate blindly 
in the mesophyll. The degree of branching of these vein endings 
differs in the leaves of different plants. In F. benjamina, a 
terminating vein branches many times and all the independent 
branches end blindly in the mesophyll. The vein termination number 
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per unit area counts 38/mm in £. benjamina although the vein-islet 
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number is l4/mm of the leaf. On the contrary, M. alba and 
M. indica have unbranched terminating veins, counting 12 and 20 
per sq. mm respectively (Table 10), 
(b) Micromorphology 
Histologically the leaf is composed of three types of 
tissue systems: epidermis, mesophyll and vascular tissues. 
The foliar epidermis comprises the epidermal cells 
proper, stomatal apparatus, trichomes and some other specialized 
cells. In transectional view, the leaves appear to have 
uniseriate (simple) or multiseriate (multiple) epidermis. The 
lower epidermis of the investigated species is single layered 
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showing compact organisation except for the presence of stomatal 
openings. The upper epidermis, unlike the lower one, is 1-3 
layered. It is single layered in A. lakoocha and double layered 
in A. heterophyllus. On the other hand, F, benjamina possesses 
a single layered epidermis but beneath each upper and lower 
epidermis there exists a single layer of hypodermis made up of 
the cells many times larger than those of the epidermis 
(Plate VIIA,B). In M. alba and M, indica the upper epidermis is 
2-3 layered consisting of compactly arranged cells lacking inter-
cellular spaces, the cells of the outermost layer being shorter 
than others. A well developed cuticle layer is present above the 
epidermis in all species. Unicellular trichomes are of common 
occurrence on both epidermis in all the species (Plate VIF.VIIF). 
However they are relatively less frequent on lower epidermis of 
M. alba and on both the surfaces of M. indica (Table 9). 
Lithocysts containing well developed calcium carbonate crystals 
(the cystolyth), occur here and there on the upper epidermis in 
F, benjamina (Plate VIIB). These structures are also present in 
Mo alba and M, indica, although fewer in number as compared to 
F, benjamina. 
The face view of epidermal peels reveals that stomata 
are present on the lower epidermis only (hypostomatic leaf). In 
all the species except F. benjamina, stomata are surrounaed by 
cells which do not differ in shape and size from the rest of the 
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epidermal cells and hence the stomata are 'anomocytic' or 
Ranunculaceous type (Plates VIB,VIIIB,D). Besides the stoma is 
encircled by five subsidiary cells in F, benjamina, cyclocytic 
type (Plate VIIE)o The length and the width of the guard cells 
vary from 20.6x5.1 nm (M. indica) to 29o5x9.7 jam (A. lakoocha)o 
The width of the stomatal pores varies from 2„2 jjm (M, alba) to 
6o2 wm (F. benjamina)o The length and width of the cells of 
lower epidermis vary from 19.6x13.6 jjm (F. benjamina) to 27o2x 
16.2 um (M. alba). The cells of the upper epidermis are largei 
in size than those of the lower epidermis (Plates VID,E,VIID, 
VIIIE,F) in all species studied and range from 29o4xl5.8-48.1x 
31.6 Jjm (Table S). The frequency of stomata per sq. mm varies 
from 318 (M. alba) to 402 (A. lakoocha), whereas the stomatal 
indices vary from 11.35-18<,94 in the different species (Table 9). 
The trichome indices of both leaf surfaces are also given in 
Table 9. 
The grt. and tissue of the leaf i.e. the mesophyll is 
usually specialized as a photosynthetic tissue and is composed 
of lacunose parenchyma containing chloroplasts and commonly 
differentiated into palisade and spongy parenchyma (cf. Esau, 
1965). In all tiie species under study, the leaves are dorsivent-
ral having the palisade parenchyma in two layers just below the 
upper epidermis, except in £. benjamina where it occurs below the 
hypodermis and forms three layers (Plate VlIB)o Palisade cells 
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are elongated at right angle to the leaf surface and arranged 
like a row of stakes. The cells of the lowermost layer of 
palisade in all the species are comparatively less elongatedo 
Beneath this down to the lower epidermis, or to the hypodermis 
in Fo benjamina, the cells of spongy parenchyma are loosely 
arranged showing prominent intercellular spaces. In £. benjamina, 
M. alba and M. indica, cells of the lowermost layer of the 
mesophyll adjacent to the lower epidermis differentiate as short 
palisade cells (Plate VIIB). 
Transverse sections of the leaf lamina passing through 
the mid-rib region reveal that A, heterophyllus, possesses an 
almost closed cylinder of xylem flanked externally by phloem 
stripo There is also an expanded vascular strand present in the 
pith region showing the xylem on the upper and the phloem on the 
lower side (Plate VIA). In A. lakoocha, the median bulging 
portion of the leaf contains two bundles, each having an arc or 
crescent shaped group of xylem elements flanked externally by the 
phloem. Two small vascular bundles lie in front of each of the 
big bundles on the adaxial side of the leaf. These two bundles 
are surrounded by independent sclerenchymatous bundle sheaths 
(Plate VIC). Ir £. benjamina, the xylem and phloem form a circle 
interrupted here and there by medullary tissues and surrounded by 
a common scierenchymatous bundle sheath. Inside thc^  circle two 
patches of phloem, sometimes with a few xylem elements, lie in 
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the pith region (Plate VIIA). In M. alba and M. indica, the 
xylem is U-shaped surrounded by phloem elements. A subsidiary 
strand also occurs in the medullary position of the leaf 
(Plate VIIIA,C)„ The bundle sheath is sclerenchymatous in 
A, lakoocha and F, benjamina and parenchymatous in the rest of 
the species, 
Phytochemistry 
Colour responses of the leaf powder to different chemi-
cal reagents were observed and the results are given in Table 11, 
Physico-chemical constant values (Quantitative) 
The percentage of total ash, water soluble, acid 
insoluble and sulphated ash and also the percentage of the 
lignin in the different leaf samples were determined. Values 
are generally low for water soluble and acid insoluble ash and 
high for sulphated ash (Table 12)o 
Extractive values 
The extractive values of the different leaf sample 
were determined by successive extraction on Soxhlet's apparatus 
with petroleum ether, solvent ether, chloroform, benzene, ethanol 
and water, and the per cent values of all the five species were 
calculated (Table 13), To determine the presence of different 
37 
organic materials, the extracts were used for the test of 
alkaloids, fatty oils, flavanoids, glycosides, proteins, resins, 
saponins, sterols, tannins, and terpenoids (Table 14), Qualita-
tive phytochemical screening of these leaves has shown diversity 
in their chemical compositiono For all the species fatty oils 
appear in the petroleum ether only and saponins in water extract 
(except in M. indica, where saponins are seemingly absent,). 
Likewise, tannins for all the taxa except Morus alba are detect-
able in ethanol or water extract only. However, in M. alba 
tannins appear also in dhloroform and benzene (Table 14), The 
leaves of Artocarpus sppo and Ficus benjamina exhibit a high 
alkaloids contents with all the organic solvents, while saponins 
and tannins are present generally in the water extract and hardly 
in organic solvents like ethanolo 
In Ficus benjamina the quantities of fatty oils, 
saponins and tannins are very little. The leaves of Morus spp. 
are rich in alkaloids, sterols, tannins and terpenoids. The 
leaves of M. alba contain high amounts of alkaloids while glyco-
sides and saponins appear with water only. In M. indica, on the 
other hand, glycosides are sufficiently distinct (Table 14), 
Fluorescence .inalysis 
Fluorescence analysis of the powdered leaf drugs was 
conducted following the method of Chase and Pratt (1949)„ The 
: 38 : 
leaves as well as their powders were observed in the normal day 
light and ultraviolet (UV) light. Further the leaf powders were 
treated to different organic solvents and the solutions observed 
again in the day light and under ultraviolet light. The observa-
tion are pooled in Table 15, 
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Table 10: Vein islet and vein teimination number in different 
specieSo 
Species Vein Islet Vein Termination 
Number Number 
A. heterophyllus 29 17 
A. lakoocha 19 15 
Fe benjamina 14 38 
M. alba 12 
M. indica 20 15 
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B A R K 
The word "Bark" is used in the present study to desig-
nate all the tissues outside the vascular cambium (cf. Esau, 
1960)o In the secondary plant body the bark includes secondary 
phloem and periderm or rhytidome. The dead cells lying outside 
the periderm form the dead bark, while the living bark comprises 
secondary phloem and part of periderm^ Depending on the age of 
the plant and the mode and site of periderm formation, the bark 
structure considerably varies in different taxa. 
Of the component tissues, phloem constitutes the major 
part of the bark in all the five species studied. The phloem in 
general comprises sieve-tube elements, companion cells,parenchyma 
and sclerenchyma. As pointed out by Hemenway (1911). Holdheide 
(1951), Zahur (1959), Santos (1960), Ghouse and Yunus (1974), 
Ghouse e_t al. (1979) and Iqbal and Ghouse (1982), the amount and 
distribution of sclerenchyma give a characteristic appearance to 
the bark of given species. This holds true in the present study 
alsoo A delve of literature reveals that Metcalfe and Chalk (1950), 
Chang (1951, 1954a,b) and Chattaway (1953, 1955, 1959) were the 
pioneer workercon the comparative bark anatomy. Later Whitmoie 
(1962a,b,c, 1963) studied the systematic bark mox'phology of 
Dipterocarpaceae and Fagaceae. Similar studies were made on some 
Pinus and Pseudotsuga (Patel, 1975), Dalbergia (Ghouse 8. Yunus, 
1975), Agathis and Araucaria (Lotova, 1976), Cassia (Ghouse f. 
: 40 : 
Jamal, 1978), Larix (Eremin, 1981) and some arid zone species of 
North India (iqbal & Ghouse, 1982)o 
Anatomy of Secondary Phloem 
Sieve-tube elements, the principal food conoucting 
elements of the phloem are generally long and bear transverse to 
oblique sieve plates on end walls in the species studied. The 
elements show interspecific quantitative variation in the conduct-
ing zone of phloem as shown in other species earlier (Lawton, 
1972; Canny, 1973; Grange & Peel, 1975; Ghouse et. al., 1976; 
Ghouse & Hashmi, 1976; Ghouse 8. Iqbal, 1978; Ghouse & Jamal, 1978, 
1979; Ahmad et. ai„, 1979; Khan ei al. 1982; Milburn &, Kallarackal, 
1984). 
Sieve-tube elements are known to translocate the photo-
synthate ever since their discovery by Hartig (1837). The active 
conducting area was estimated to be about 20^ of the phloem by 
Crafts (1931, 1933) and 67% by Munch (1930). Later Ceiqer et aj^ . 
(1969) and Evans et al» (1970) found about 30% of phloem to be 
active in the sugar beet petiole and wheat peduncles respectively,, 
However, Lawton and Canny (1970) and Canny (1973) considered the 
factor of Munch to be more appropriate. In the present study, the 
elements form 24^ (Artocarpus heterophyllus), 31% (A. lakoocha), 
26% (Ficus benjamina), 27% (Moras alba) and 20% (JA. indica) of the 
conducting phloem in the adult tree trunk. Thus the present find-
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ings do not agree with the generalizations of Crafts(1931, 1933) 
and Munch (1930), The present study, together with certain others 
(Geiger e_t al., 1969; Evans et al.., '1970; Lawton & Canny, 1970; 
Lawton, 1972, 1976; Ghouse & Hashmi, 1976; Ghouse et al.,, 1976; 
Ghouse & Iqbal, 1978; Ghouse & Jamal, 1978, 1979; Ahmad et .al., 
1979; Khan et al^ ., 1982; Ajmal eJL al., 1986), indicates that the 
active conducting area in the conducting phloem is more or less 
species specific. 
The phloem fibres and sclereids togethti constitute the 
mechanical system in the bark. The distribution pattern of scleren-
chyma makes for the characteristic look of bark in transections in 
the species under studyo In the bark transections of Artocarpus 
heterophyllus, A, lakoocha and Ficus benjamina, sclerenchyma 
appears scattered and in small groups in the non-conducting and 
conducting phloem zones. In Morus alba and M. indica sclerenchyma 
forms tangentially arranged fasicles in the non-conducting phloem. 
In the conducting phloem it occurs scattered and in small groupSo 
The fibres are mostly narrow elements with long tapering ends and 
lignified walls. However, unlike in Vitis (Strasburger, 1891; 
Esau, 1948) and Dalbergia (Ghouse & Ycnus, 1975), thu fibres are 
non-septate in all the species studied. The apical intrusive 
growth is common among the phloem fibres as reported for certain 
other Indian trees (Ghouse & Sabir, 1974; Ghouse & Yunus, . '' • 
Ghouse & Iqbal, 1979a). These apically grown elen.ents generally 
exhibit diverse apical manifestations which could be taken as 
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apparent signs of their having undergone intrusive growth 
(Liese & Parameswaran, 1972; Ghouse & Sabir, 1974; Ghouse & Yunus, 
1975; Siddiqui et_ al., 1976; Ghouse & Hashmi, 1978; Ghouse & Iqbal, 
1979b). The phloem fibres constitute very little {A% in Artocarpus 
heterophyllus, 3% in A. lakoocha, ^A in Ficus benjamina, 6% in 
Morus alba and 13% in M, indica) of the conducting phloem and 
slightly higher {\(:>% in Artocarpus heterophyllus, 12% in 
Ae lakoocha, ^  in Ficus benjamina, 22% in Morus alba and 30% in 
M. indica) of the non-conducting phloemo The mode of fibre distri-
bution is no way different from those emphasized earlier (see 
Holdheide, 1951; Zahur, 1959; Santos, 1960; Esau, "'64; Outer, 
1967; Ghouse & Hashmi, 1979; Ghouse & Iqbal, 1979b; Ghouse ot aj,., 
1979; Iqbal & Ghouse, 1982; Khan e^ a^., 1982; Khan & Khan, 1983). 
In the conducting phloem of most species fibre groups 
are surrounded by sieve-tube elements and parenchyma. However, 
most of the sieve elements get crushed and some parenchyma cells 
undergo lignification in the non-conducting zone. Although the 
relative proportion of fibres in the non-conducting phloem 
increases, it is countered by ray expansion and parenchyma 
proliferation adjacent to periderm. Similar variation in tissue 
proportion were observed by Brudermann and Koran (1V73) in the 
phloem of black spruce. 
The conducting phloem converts gradually into non-
conducting zone when protoplasts of companion cells disintegrate 
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or callose accumulates on the end walls and latcial walls of 
sieve-tube elements. The accumulation of calloce in j.iorus alba 
and M. indica is not so profound as it is in Artocarpus 
heterophyllus, A. lakoocha and Ficus benjamina. Later, sieve-
tube elements become deshaped and obliterated due to the radial 
pressure, and the rays dilate. This is in consonance with the 
situation in a number of dicotyledonous species (cf, Choadie & 
Esau, 1964; Esau, 1964; Ghouse & Hashmi, 1979, 1980; Iqbal & 
Ghouse, 1979)„ Finally the non-conducting sieve elements and 
associated companion cells collapse completely, as is reported 
for certain conifers (Abbe &'Crafts, 1939) and dicotyledons 
(Ghouse & Hashmi, 1979, 1980; Iqbal 8. Ghouse, 1979)<, 
The phloem rays vary in width from one cell, as in 
Castanea and Salix, to two or three cells, as in lAalus pumila, 
or to many cells as in Dalbergia, Robinia and Liriodendron 
(Esau, 1965). Rays of varying width may occur in a single 
species. Usually the rays are of aniform width thioughout che 
phloemo All phloem ray cells in dicotyledons are usually paren-
chymatous with active protoplast. In the older part of the 
tissue the secondary phloem rays become dilated (Fc.hn, 1982)o 
All the species under study possess uni- to mulLi-
seriate rayso Both homocellular and heterocellul<.:r ty; : 
rays are found in i.'iOrus alba and lA, indica. i>.ays -all hotero-
cellular in Artocarpus hctcrophyllus, A, lakoocha and Ficus 
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benjamina. Ray expansion and parenchyma proliferation are more 
prominent in Artocarpus spp„ than in others. The forrnation of ray 
expansion tissue in the investigated species is due to the tangen-
tial stretching of the ray cells followed by anticlinal divisions. 
The present findings are in conformity with those reported by 
Iqbal & Ghouse (l982)o However, these are at variance with those 
of Schneider (1955) who reported that the formation of expansion 
tissue occurs by the activity of a meristem formed inside the rays 
which he says "dilation meristem". The resultant tissue has been 
described with various names such as "dilation tissue" (Schneider, 
1955) "phloem expansion" (Whitmore , 1962^ 1963) "ray expansion" 
(Kumar, 1969) and "ray expansion tissue" (iqbal & Ghouse, 1982)o 
The phloem rays undergo the process of dilation in majority of the 
dicotyledons,, However, the degree of dilation varios species to 
species. The extreme dilation of some of the rays is one of the 
most prominent characteristics of the phloem of Tilia (Esau,1965). 
The ray cells are relatively large in the non-conducting phloem of 
the species under study and the rays proliferate near the peridexm 
but not to that extent as to form wide wedges as was reported for 
some other species (Schneider, 1945, 1952, 1955; Whitmore, 1962*' 
Esau, 1965; Iqbal & Ghouse, 1982). 
» 
Phytochemistry of Bark 
Quantitative phytochemical screening of the barks has 
shown diversity in their composition. Artocarpus lakoocha and 
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Ficus benjaraina barks possess high alkaloid content. The barks of 
Artocarpus heterophyllus and Morus alba contain less amount of 
alkaloids, Morus indica is an almost non-alkaloidal bark, although 
sometimes it shows positive response for alkaloid contents. Ficus 
benjamina and Morus alba possess numerous sterols/terpenoids and 
so do Artocarpus heterophyllus, A, lakoocha and Morus indica. The 
Artocarpus species are rich in glycosides and resins while other 
species bear little amounts of these substances. Artocarpus spp. 
and Morus alba have high amounts of protein, while Ficus benjamina 
and Morus indica are poor in the protein content. The Morus spp 
are rich in tannins in addition to saponins, fatty acids and 
alkaloid content. 
Quantitative phytochemical and physicochemical constant 
values include total ash, acid and water insoluble ash, sulphated 
ash and lignin extractives. These values differ for the different 
species. Their quantitative estimations in different organic 
solvents according to their polarity have revealed interspecific 
variationo 
The biodynamic composition of the barks exhibits a 
significant difference, although the samples were collected from 
the same level of the main tree trunks. This shows that the bark 
of similar morphology or external appearance may be differedc in 
structure as well as biodynamic composition. Several crude drugs, 
barks as well as other parts of the plant, have boon investigated 
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and screened earlier from pharmacognostic view point (Shah 8< 
Bhavsar, 1956; Shah 8. Mehta, 1956; Mehta & Patel, 1959; Prasad & 
Jaisawal, 1959; Prasad & Kaul, 1959; Shah & Bhattacharya, 1959, 
1960; Woodward, 1960; Chaudhuri, 1964a, 1965, 1966, 1968; 
Persinos et. al,, 1964; Das' ejt ^ o , 1965; Abromovitch & Cauttis, 
1967; Anton & Duqenouis, 1968; Maiti, 1968; Shah & Shukla, 1968; 
Austin et. al., 1969; Khasg ejt al., 1969; Das & Bhattacharji, 
1970; Dominguez ^  al., 1970; Prasad & Wahi, 1970; Mitra 8. Kapoor, 
1971a, 1974, 1975; Lukic et a^c, 1972; Raj ejt alo, 1974; Datta & 
Datta, 1976, 1977, 1979, 1980, 1981a,b,c, 1982, 1984a,b,c; Mitra, 
1980; Afaque et al^, 1981; Ford, 1981; Hamon et al», 1981; Hashmi 
et al.., 1981; Hooper & Chandler, 1981; Ray 8. Datta, 1981; 
Sanyal & Datta, 1981, 1982, 1986; Aynehchi et alo, 1982; Day & 
Dass, 1982; Khan et al,, 1982; Rocha e_t alo, 1982; V/ahi et aj^ ., 
1982; Mikage & Tsuneo, 1983; Datta e.t al., 1984; Khan £. Ahmad, 
1985; Kumar & Datta, 1985; Srivastava ejt al,, 1985). 
L E A F 
Gross Morphology 
(A). Qualitative; The role of leaf morphology in taxonomical 
studies has not been realised properly. The earliest claim of 
application of the foliar morphological features in the identifi-
cation of taxa dates back to 1861 (Ettingshausen, 1861)„ Later, 
Turrell (1934) who worked at the Royal Botanical Garden at Kew, 
stressed not to ignore morphological features of leaf in connec-
tion with the identification and classification of different taxa. 
Lee (1948) followed the above suggestion and put forward an 
identification system based on foliar characters. Stearn (1956) 
and Krussmann (I960) summarized the earlier efforts and postulated 
another system which showed considerable improvement of terminology 
by way of establishing precisely defined catagories of leaf shape, 
based on the position of leaf axis and the ratio of length to 
width (L/W)O Apical and basal shapes were given rnoro precise 
formulationo 
Th? Systematic Association Committee of Descriptive 
Terminology (SACDT) took to a new approach in 1962, This system, 
supported by Mildenhall (1973), defines the leaf shape using the 
length-width ratio of leaf and position of the axJs of aieniest 
width and includes other criteria such as shape of the margins. 
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Palaeobotanists, have avoided going beyond the compara-
tive superficial leaf features in their approach for the identi-
fication of taxa. This has led to an increase in the probability 
of incorrect generic assignments, specially with the fossils older 
than the mide-tertiary (Pacltova, 1961; Wolfe, 1966, 1968, 1969; 
Doyle, 1969; Dilcher & Dolph, 1970). Hickey (1973) made an appro-
priate contribution to the taxonomy by presenting an architectural 
plan of dicotyledonous leaves based on gross morphology and 
venation studies. 
Of late, leaf architecture has been studied quite 
extensively,, For instance, out'of the selected brochodromous and 
actinodromous types of venation were noted in selected species of 
Merremia (inamdar & Shenoy, 1982)o In Apocynaceae the qualitative 
as well as quantitative features were found to vary with species 
and within the species (Mohan & Inamdar, 1982). Similarly, the 
leaf architecture was studied in 20 spp of Mimosaceae (Leelavathi & 
Ramayya, 1982), 22 genera of 8 types of Asteraceae (Ravindranath & 
Inamdar, 1982), some Indian Portulaceae (Prabhakar & Ramayya,1982), 
19 genera of Brassicaceae (Rao & Inamdar, 1983) and certain 
Paeoniaceae (Inamdar e_t al,, 1983a)o In a study of venation 
pattern in the members of Solanaceae, the number of secondaries 
and vein-endings was noted to vary in each species irrespective of 
the leaf anc areole size (Bhatt & Tuteja, 1985)o Kapoc:. T;. ' Mitra 
(1981 ) studied the venation pattern and epider.'i al features of 
11 species cf Apocynaceae from taxonomic point of view. 
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Un the basis of the shape of whole leaf, apex and base, 
and of the course of venation, leaves vjere separated into various 
categories as most of the dicot taxa possess consistent pattern 
of leaf architecture. Maedler (1975) classified the dicotyledo-
nous leaves into folia pinnatinervia and folia palmatinervia. 
These types were subdivided into ten subtypes determined by Hickey 
(1973) on the basis of the general leaf morphology. Each of these 
subtypes was further explored for specific morphological character-
istics, 
Girardi (1974, 1976) utilized such morphological and 
anatomical features as leaf margin, leaf texture, position of 
petiole, presence or absence of hairs on the leaves, venation 
pattern, and shape of epidermal cells including the gland cells if 
present, for the identification of certain Meliaceae, Foster 
(1950a, 1950b, 1953) published a series of papers dealing with 
foliar venation and strongly encouraged morphologists to use vena-
tion features in the identification of fossil material. During the 
last few decades the anatomical features of leaves have played an 
important role in categorizing the natural plant group:, and 
elucidating the phylogenetic relationships, Paunero (1952) noted 
that the leaf blade provided specifically differential characters 
in Alopecurus,, Brown (1958) suggested the same lor 72 jenera of 
graminae. Druyts-voets (1971) observed variations in Cyperus ni.J 
categorized them in 28 sections for identification. 
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Nikolaevskii(1972) studied 200 species belonging to the 
subfamilies Bambusoideae, Ergrostoideae, Festucoideae and 
Panicoideae and classified them into three groups. Glassman 
(1972) made a survey of 51 taxa in Syagrus and distinguished the 
species on the basis of frequency and location of veins, fibres 
and hypodermis. Subgeneric level variation in the mesophyll 
layer was claimed by Vasil (1968) in Leguminosae. Cutler (1965) 
studied the leaf anatomy of the genus Thurnia and created new 
family Thurniaceae for this genus which was earlier placed in the 
family Juncaceae, Cutler (1972) also studied some Aloe and 
Gasteria species along with their hybrids. 
Rao et. al. (1982) studied the epidermis in the genus 
ElaeocarpuSo Epidermal elements including trichomes were studied 
on the vegetative parts of E. munronii and E, oblongus. The 
stomata were predominantly anomocytic but occasionally tetracytic. 
Unicellular conical hairs were present on the leaf. Occurrence 
of this trichome type in all the families of the Malvales 
indicates their close phylogenetic affinity„ Comparative leaf 
anatomy of 33 spp of Heisteria (Olacaceae) showed a considerable 
amount of diversity in stomatal type (Baas 8. Kool, 1983). Compara-
tive morphology of foliar epidermis was studied in tl»e cjenera 
Codonanthe and Nematanthus of Gesneraceae (Yuen & Ueh 
and in Cyperus of the family Cyperaceae (Shanna & Shiam, 1984). 
In a study of 20 species of the family Myrtaceae and 1 spp of 
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Punicaceae, Zahur and Sultana (1983) reported that tiie 2 sub-
families, the Leptospermoideae and Myrtoideae, with quite dis-
junct distribution, remarkably agree with each other in the 
structural organisation of stomata. In both, actino-cyclocytic 
condition is dominant. Other types such as anomocytic and aniso-
cytic are derived from the actino-cyclocytic type. The simulta-
neous occurrence of stomata with numerous cells (actino-cyclocytic) 
in the two subfamilies coupled with their disjunct distribution 
speaks of the primitive nature of the family Myrtaceae in general 
and of this type in particularo 
Structure, organographic distribution, classification 
and taxonomic significance of trichomes in 42 species in the sub-
family Papilionoideae were described by Leelavathi and Hamayya 
(1983). Rao £t al.. (1983) described the stomatal diversity and 
the taxonomic value of dominant and codominant stomatal types in 
44 spp of 5 families of the order Malvales. The anisocytic stomata 
were mostly dominant on both surfaces of the leaves. Besides, 
anomocytic and tetracytic stomata also dominated on th.e abaxial 
side of the leaf. Occurrence of the dominant and codominant 
stomatal types is of taxonomic value in the families studied. 
Structtire and development of stomata in some Acanthaceae 
were studied by Inamdar e_t. al. (1983b). Inamdar and iiao (19o3) made 
light-microscopic and SEM studies on the trichomes oi some 
Brassicaceae. Baranova (1983) reported laterocytic stomata in 
Chloranthus and Sarcandra. Fisher (1985) studied ti.,? morphology 
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and anatomy of the leaf of Coleus blumei (Lamiaceae). Skripko 
£t a^, (1984) described the frequency and size of stornata in the 
pea hybrid and parent forms. They found that the product of the 
length of stomata and their frequency at the same state of 
development was constant and analogous in the forms at the same 
state of development during ontogenesis. The value of stomatal 
frequency ratio on opposite sides of the leaf did not show 
significant difference. Jeong and Sung (1985) described the types 
of abnormal stomata in Crassulaceaeo Ninteen types of abnormal 
stomata were found in the familyo Among them 3 types (the single 
guard cell, the aborted stomata, the single aborted guard cell) 
were frequently observed in 19 to 24 spp and 2 types. The over-
lapped thickening guard cells and the arrested stomata were common 
in 7 to 13 spp Ballooning guard cells, cross cleared stomata and 
fused pore stomata were reported first time in the seed plants. 
Bhati (1983) noted in Glinus lotoides that the amphi-
stomatal amphitrichomic and xeromorphic leaves had anomocytic 
stomata showing potato type distribution. The ratio of stomatal 
indices between the two surfaces of leaf was uniform and hence 
of taxonomic significance. Kachroo and Bhat (1981) described the 
leaf anatomy of Urticales in relation to taxonomy. 
Pant and Kidwai (1967) described some stomatal type 
variation within the family Cruciferae. They found that although 
in majority of cases the stomata is cruciferous type, some of them 
may be paracytic (in Coronopus), tetracytic (in cauliflov/er) and 
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anomocytic (in Ibris), The venation is reticulodromou^. type in 
all the species. In species under study 1-3 strands enter the 
lamina (uni-triveined) of the leaf was reported for 150 species 
of Euphorbia (Sehgal & Paliwal, 1974)„ The present study on some 
Artocarpus, Ficus and Morus £pecies reveals that stomata are 
hypostomatic and anomocytic in Artocarpus heterophyllus, 
Ae lakoocha, Morus alba and M. indica. They are hypostomatic and 
cyclocytic in Ficus benjanti-nao 
Metcalfe and Chalk (1950) found three types of 
secretory elements: (i) thin walled laticifers in the leaf of all 
the examined members of Artocarpaceae, present especially in the 
tissues around the veins, sometimes extending into the mesophyll 
and occasionally to the hypodermis or even to the epidermis. 
Unsegmented laticifers were noticed also by Mohler (-1936) in the 
species of Artocarpus, Ficus and Morus, (ii) gum resin and 
musilage cells; isolated spherical or ellipsoidal cells with 
brownish content, present in the spongy tissue of numerous 
species of Artocarpus, and (iii) tannin-idioblasts present in the 
palisade tissue in the species of Artocarpus and Ficus. 
(B). Quantitative; Of late, quantitative features of epidermis 
were applied for the identification of some Eucalyptus species 
(Farooqui et al.^ , 1981; Ghouse & Zaidi, 1982; Zaidi, 1985). The 
following quantitative parameters have been analysed in the 
present studyc 
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1 . Areola frequency 
2. Vein termination frequency 
3. 'Stomatal index 
4. Guard cell length 
5. Guard cell width 
6. Trichome index 
To Epidermal cell length 
8. Epidermal cell width 
The various quantitative parameters differ in the 
species studied as shown in parentheses, 
2 
1. Aerole frequency/mm - A, heterophyllus (29), A. lakoocha (19), 
Ficus benjamina (14), Morus alba (12), M. indica (20). 
o 
2. Vein termination number/mm - Artocarpus heterophyllus (17), 
A. lakoocha (15), Ficus benjamina (38), Morus alba (9), 
M. indica (15). 
3. Stomatal index (lower epidermis) - Artocarpus heterophyllus 
(15.37), A. lakoocha (18.94), Ficus benjamina (11.35), Morus 
alba (15o69), M. indica (l2o56). 
4. Guard cell length (jam) (lower epidermis) ~ Artocarpus 
heterophyllus (27.2), A. lakoocha (29.5), Ficus benjamina 
(28„3), Morus alba (21.7), M. indica (20o6). 
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5. Guard cell width (jum) (lower epidermis) - Artocarpus 
heterophyllus (8.6), A. lakoocha (9o7), Ficus benjamina 
(8.9), Morus alba (7o8), M, indica (5.1). 
6. Trichome index (upper epidermis) - Artocarpus heterophyllus 
(2.53), A. lakoocha (1.88), Ficus benjamina (1.56), Morus 
alba (3.46), M. indica (0o72). 
7. Epidermal cell length (.urn) (upper epidermis) - Artocarpus 
heterophyllus (29.4), A. lakoocha (48o1 ), Ficus benjamina 
(28.8), Morus alba (4^^), M. indica (35.5). 
Epidermal cell length (>un) (lower epidermis) - Artocarpus 
heterophyllus (24.2), A. lakoocha (26,3), Ficus benjamina 
(l9o6), Morus alba (27o2), M. indica (19.82) = 
8o Epidermal cell width (Aim) (upper epidermis) - Artocarpus 
heterophyllus (15.8), A. lakoocha (31.6), Ficus benjamina 
(17„i), Morus alba (25.2), M. indica (22.9). 
Epidermal cell width (um) (lower epidermis) - Artocarpus 
heterophyllus (13.2), A. lakoocha (15o5), Ficus benjamina 
(13.6), Morus alba (16.2), M. indica (I^.S). 
Several investigators have employed structural patterns 
of the elements of leaves in elucidation of taxanomic and phylo-
genetic relationships (Dilcher, 1974). Levin (1929) emphasised 
the taxonomic value of vein-islet areas. He opened that the vein-
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islet number is nearly constant for a species and that it could 
be used as a valuable specific character. Varghese" (1969) endorsed 
that the vein and vein-islet number per unit area are more or less 
constant for a species. With reference to the genus Acer, Bfnerji 
and Das (1972) suggested that the minor venation pattern provides 
useful taxonomic clues, 
Phytochemistry 
The quantitative phytochemical screening of the leaf has 
shown that the leaves of Artocarpus heterophyllus and A. lakoocha 
possess high alkaloid content, while others have little amount of 
alkaloids. All the species are rich in sterols/terpenoids. The 
Artocarpus species, unlike others, are rich in glycosides and 
resins. The Morus species are rich in tannins in addition to 
saponins, fatty acids and alkaloids. 
Quantitative phytochemical and physicochemical constant 
values viz., total ash, acid and water insoluble ash, lignin and 
extractives, differ for the different species. The biodynamic 
composition of the leaf exhibits a significant difference, although 
the samples were collected at the same time. This shovv's that the 
leaf of similar morphology or external appearance may be different 
in structure as well as biodynamic composition. Several leaf drugs 
have been investigated and screened earlier (Prasad & Prabhu, 1950; 
Chaudhuri e_t al.,, 1953; Singh, 1956, 1967; Madan & Nayar, 1959; 
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Chaudhuri, 1961, 1963, 1964b; Madan 8. Kundu, 1962; Mehrotra & 
Kundu, 1962; Chunekar 8. Haghunathan, 1967; Gupta, 1967; Shah 
£t al,, 1968; Raghunathan et.. al., 1969; Gupta £t al_., 1971; 
Mitra & Kapoor, 1971b; Mitra & Prasad, 1971; Surange & Pendse, 
1971; Khosa & Prasad, 1972; Udaysankar, 1972; Mitra et £l., 1973; 
Bae & Tsuneo, 1982; Brzhikhnach et al., 1982; Namba & Kihwan, 
1982; Rameshwar, 1982; Tanaka et. al., 1982; Courts, 1983; Khan & 
Ikram, 1983; Sinha et aie 1984b; Marimuthu et al. 1986. 
SUMMARY 
The anatomical and phytochemical studies on the bark 
and leaf of Artocarpus heterophyllus, A. lakoocha, Ficus benjamina, 
Morus alba and M. indiea have revealed. 
1. that the bole configuration is shallow fissured, deep 
fissured or smooth with the bark divisible into conducting 
phloem, non-conducting phloem and rhytidome. 
2. that the periderm layers are either parallel to the vascu-
lar cambium (A. lakoocha, M. alba), deviating outwards 
(A. heterophyllus) or irregular (M. indica). There niay be 
a single superficial periderm (F, benjamins). The rhytidoine 
sloughs off either in the form of hard thick flake*:;, very 
minutes scales, or thin stripSo 
3. that the secondary phloem includes sieve-tube elements 
associated with one or more companion cells, phloem fibres, 
axial parenchyma, radial rays and some laticifers. The 
conducting sieve-elements later become non-functional, rays 
usually dilate and expand tangentially and most of the 
parenchyma get impregnated with varying amounts of orgastic 
substances in the non-conducting region of the phloem in all 
the species studied. 
4. that the sieve-tube elements are in groups of 2-4, possess 
transverse to oblique sieve plates and lateral .sieve areas 
of diverse magnitude. The length of sieve-tube elements 
varies froiii 185 \xm to 268 Mm, whereas tlie width variation 
is just nominal (43-'J1 jam). They occupy 20-3Y,o of the 
transectionrT] area of phloem in the different Gfjocies. 
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5. that the length and width of phloem fibres vary from 1460-
1856 jam and 19-24 )xm respectively. The fibres occur as 
isolated elements and in small groups of 2-5 cells, whereas 
in Morus spp, they form small patches as well as tangentially 
expanded bigger fascicles, and occupy a transectional area 
varying from 3-13 per cent. Their proportion increases in 
the non-conducting regiono 
6. that the relative proportion of axial parenchyma predominates 
other phloic components and does not show any marked inter-
specific variation. It ranges from 40-47% and 36-52/u in the 
conducting and non-conducting phloem zones respectively. 
7. that rays are homocellular consisting of procumbent cells 
only, as well as heterocellular consisting of both procumbent 
and upright cells, occupying 23-3Q?^  transectional area in the 
conducting phloem. They usually dilate in the non-conducting 
region and occupy 32-42% transectional area in tht' different 
species studied, 
8. that the foliar epidermis which is uniseriate to multiseriate, 
The upper epidermis is single layered in A. lakoocha and 
F. benjamina double layered in A. heterophyllus and 2-3 
layered in M, alba and M, indica, whereas the lower epidermis 
is invariably single layered. Besides, a single layered 
hypodermis exists on either side in F„ benjamina. Cystoliths 
are present on the upper epidermis except in Artocarpus spp. 
Leaves are hypostomatic and the stomata are anomocytic except 
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in F„ benjamina where they are cyclocytic. The stoiiiatal 
frequency varies from 318-402 per square mm in different 
species. 
9. that leaves are dorsiventral having the mesophyll differen-
tiated into palisade and spongy parenchyma. The former is 
in two layers except F, benjamina where it occurs in three 
layers. The lowermost layer of the spongy parenchyma 
differentiates as short palisade cells in all the species 
except Artocarpus. 
10. that the median bulging portion of the leaf lamina in 
transectional view shows an almost closed cylinder of xylem 
in A. heterophyllus whereas A. lakoocha contains two crescent 
shaped xylems. In £. benjamina the xylem and phloerr form a 
circle interrupted here and there by medullary tissues, 
while Morus sppo have a V-shaped xylem surrounded by phloem. 
The vascular strand is surrounded by a bundle sheath which 
is sclerenchymatous in A, lakoocha and parenchymatous in 
F. benjamina, 
11. that the different physico-chemical constant values vary 
vi/ith species. Values are generally low for vyater soluble 
and acid insoluble ash and high for sulphated ash in both 
bark and leaf samples. 
12. that saponins and tannins are present only in potroleum ether 
and water extracts respectively in the bark of all the 
investigated species. Sterols and alkaloids are fre(|uently 
: 61 : 
noticed with all solvents except water in the bark of Ficus 
benjamina, while the quantities of fatty oil, resins, 
saponins and tannins are meagre. Resins and tannins are 
present only in the water extracts while fatty oils and 
saponins in that of petroleum ether. 
13. that terpenoids are abundant in the bark of Morus spp. 
Mo alba contains high amount of alkaloids and tannin, while 
glycosides and saponins rarely appear with water and 
petroleum ether respectivelyo In M. indica glycosides, 
sterols and terpenoids are frequently present in the bark, 
while alkaloids are poorly present. 
14. that for the leaves of all the species, fatty oils and 
saponins appear in the petroleum ether and water extract 
respectively except in Morus indica. Likewise, tannins for 
all the taxa except Morus alba are detectable in ethanol or 
water extract only, 
15. that the leaves of Artocarpus spp. and Ficus benjamina are 
rich in alkaloids. However, tannins and saponins are present 
generally in the water extract and rarely in organic solvents. 
f •*-
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Plate I. Photographs of Artocarpus heterophyllus showing: 
A, Outer surface of the bark, 
E, Periderm and proliferated parenchyma in transection.X 70. 
C. Secondary phloem in transection (arrow head indicates 
the ray)o X 100. 
D. I'vlagnified view oi conducting phloera in T.3. (arrows 
i n Q i c a te ccrnpanicn cells), X 400o 
E. Sieve-tube members in longitudinal view (arrows indicalc 
sieve areas on lateral vjall, arrow heads indicate axial 
parenchyma and sieve plate). X 400. 
ST •- Si'.-ve-tube members 
Plate IIo Photographs of Artocarpus lakoocha shovang: 
Ac Outer surface of the bark. 
Bo Periderms and lenticel X 70. 
Co Conducting phloem in T.S. X 100. 
D, Non-conducting phloem with laticifers in longitudinal 
view X 100, 
E, Tangential longitudinal section of secondary phloem with 
non-stratified sieve-tube members. Callose depositions 
are distinct X 100. 
F, Conducting phloem with functional sieve-tube, members 
(arrows indicate companion cell)^ X 400. 
LT -=• Laticifers 
ST = Sieve-tube members 


Plate III. Photographs of Ficus benjamina showing: 
A, Outer surface of the bark. 
B, Successive periderms and islands of secondary phloem. X 70. 
C, Conducting phloem in transectiono X lOOo 
D, Magnified view of conducting phloem in transection 
(arrows indicate companion cell). X 400o 
E, Sieve-tube members in tangential longitudinal section 
(arrow indicates callose deposition en sieve plate )o X 400, 
F, Non-conducting phloem in transection with obliterated 
cells. X 400. 
ST - Si eve-tube members 
n = Phloem rays. 

Plate IV. Photographs of Aiorus alba showing: 
A„ Outer surface of the bark, 
B, Secondary phloem in transectiono X 100. 
C, Secondary phloem in tanoenti^ al longitudinal section. X IOO0 
D, Magnified view of 'C (white arrov; head indicates sieve 
plate while black arrow axial parenchyma). X 400. 
E, Conducting phloem in transection (white arrow head indicates 
sieve plate and black arrow axial parenchyma). X 400. 
ST - Sieve-tube members. 
H ---^ Phloem raySo 
'm 
P l a t e V, Photographs of Morus i nd i ca shov^/ing: 
Ao Outer sur face of the barko 
B. Periderm reg ion with pa tches of s tone c e l l s ( a r row) , X 70o 
C. Non-conducting phloem v;ith crushed s ieve elements and 
periderm l a y e r s . X lOOo 
D. Phloem in t a n g e n t i a l l o n g i t u d i n a l sect ion, , X 100. 
E. Conducting phloem with i n t a c t s i e v e - t u b e appara tus 
(a r row) . X 400„ 
ST - S ieve- tube members. 

Plate VI. Photographs of Artocarpus leaves showing: 
A, V.S. of leaf of Artocarpus heterophyllus. X 100. 
B, Stomata of Artocarpus heterophyllus. X 400 
C, V.S. of leaf of Artocarpus lakoocha^X 100. 
D, Upper epiderniis of Artocarpus heterophyllus. X 400,, 
E„ Upper epidermis of Artocarpus lakoocha. X 400. 
F. Trichomas on the lower epidermis of Artocarpus lakoocha. 
X 400o 

Plate VII. Photographs of Ficus benjamina leaf showing: 
A. V.S. of leaf through mid rib. X IOO0 
Bo V.S. of leaf showing multiple epidermis and cystolith 
(black arrow head)., X lOOo 
C, Upper epidermis. X 100. 
D. Magnified view of upper epidermis. X 400o 
E, Cyclocytic stomata on lower epicermiSo X 400. 
F. Trichome. X 400o 
White arrow indicates multiple epidermis in "A" and 
palisade tissue in "B". 
SP ~ Spongy parenchyma. 

Plate VIII. Photographs of I'.lorus leaves showing: 
A. V.S. of leaf Morus alba through mid rib. x 100. 
Bo Lower epideriids of Morus alba with stomata, X 400. 
C. M.S. of leaf of Morus indica through mid rib. X 100, 
D. Lower epidermis of Morus indica with stomata. X 400, 
E. Upper epidermis of Morus alba. X 400o 
F. Upper epidermis of Morus indicao X 400. 

